Background: Among various alternatives for autologous breast reconstruction, the superficial inferior epigastric artery abdominal flap provides the least donor-site morbidity, as dissection of the rectus abdominis sheath and muscle is not required. However, because of inconsistencies in the existence and size of the superficial inferior epigastric artery, its use is limited. In addition, whether the perfusion from the superficial system is adequate across the midline is still a question to be answered. Methods: Over a period of 16 months, the authors performed a total of 44 breast reconstructions using either the deep inferior epigastric artery perforator flap (n ϭ 30) or the superficial inferior epigastric artery flap (n ϭ 14). In all cases, the superficial inferior epigastric artery system was explored first and used as the pedicle if the diameter of the available vessels was larger than 1 mm. If the vessels were unavailable or the diameters were smaller than 1 mm, the deep inferior epigastric artery and vein were used as the pedicle. The diameter of the superficial inferior epigastric artery ranged between 0.8 and 3.0 mm, and the mean pedicle length was 6 cm. The superficial inferior epigastric artery was not available in 21 cases (48 percent), and in nine cases (20 percent) the diameter was smaller than 1 mm. In six cases where the superficial inferior epigastric artery was judged to be appropriate, laser Doppler study was performed perioperatively to assess the perfusion of each zone (I through IV) from the deep and superficial systems consecutively. In all cases, the superficial and deep systems ipsilateral to the defect were dissected. During inset, zone IV was not discarded routinely, and 92.3 percent and 86.7 percent of the harvested superficial inferior epigastric artery flap and deep inferior epigastric artery perforator flap, respectively, were used. Results: The flap survival rates were 93 and 100 percent in the superficial inferior epigastric artery and deep inferior epigastric artery perforator groups, respectively. Adequate perfusion of all zones from the superficial system was documented by laser Doppler flowmetry, and the perfusion rates were comparable to the deep system. Conclusions: The entire abdominal adipocutaneous flap based on the unilateral superficial inferior epigastric artery is as reliable as one based on the deep inferior epigastric artery perforator flap. As a result, initially, the superficial inferior epigastric artery flap should be explored, as it provides less donor-site morbidity. A sizable superficial artery and vein is sufficiently safe for microsurgical transfer, similar to the deep inferior epigastric system. (Plast.
T
he lower abdomen has been the preferred donor site for autologous breast reconstruction, as it provides sufficient tissue volume to create an aesthetically pleasing breast without the need for implants. Recently, the free deep inferior epigastric artery perforator flap emerged as a refinement of the free transverse rectus abdominis myocutaneous flap because, with minimal muscle dissection, it greatly reduces the donor-site morbidity. 1 To further refine autologous reconstruction, the free superficial inferior epigastric artery flap has arisen to eliminate the problems related to anterior abdominal muscle weakness while offering the same tissue volume and quality as the deep inferior epigastric artery perforator flap. 2, 3 Described by Taylor and Daniel 4 in 1975, the superficial inferior epigastric artery flap was initially used as an adipocutaneous or adipose flap. [5] [6] [7] [8] [9] However, it was not until 1991 that Grotting 10 first reported the use of a free superficial inferior epigastric artery flap for breast reconstruction. Since that time, there have been several reports of microvascular transfer of the superficial inferior epigastric artery flap for breast reconstruction, and most of them used the superficial inferior epigastric artery flap as a hemi-lower abdomen flap. [11] [12] [13] Whether the unilateral superficial inferior epigastric artery can reliably supply the entire transverse abdominal ellipse is an issue that deserves exploration. The primary intention of this study was to investigate the adequacy of perfusion from the unilateral superficial system across the midline.
In comparison with the deep inferior epigastric artery perforator flap, the superficial inferior epigastric artery flap is not widely used because of inconsistencies in vessel diameter, pedicle length, and availability. Previous studies have demonstrated that the superficial inferior epigastric artery was not present in 35 percent of cases. 4 In addition, donor-site morbidity of the deep inferior epigastric artery perforator flap is not completely eliminated, and Blondeel et al. have demonstrated that 5 to 20 percent of rectus abdominis muscles may be damaged following deep inferior epigastric artery perforator harvest.
14 However, despite these setbacks, the superficial inferior epigastric artery flap provides several advantages over other methods of autologous breast reconstruction. Superficial inferior epigastric artery reconstruction results in less pain, quicker recovery, and no loss of function because the dissection involves elevating the adipocutaneous abdominal tissue above the rectus sheath. 11, 13 Therefore, the superficial inferior epigastric artery flap merits further investigation to enhance its utility.
PATIENTS AND METHODS
Between March of 2000 and July of 2001, a total of 44 breast reconstructions were performed in 43 patients by using either the superficial inferior epigastric artery flap (n ϭ 14) or the deep inferior epigastric artery perforator flap (n ϭ 30) at Chang Gung Memorial Hospital. One patient underwent bilateral breast reconstruction with two deep inferior epigastric artery perforator flaps. Twenty-three patients underwent immediate reconstruction (deep inferior epigastric artery perforator flap, n ϭ 14; superficial inferior epigastric artery flap, n ϭ 9) and 21 patients (deep inferior epigastric artery perforator flap, n ϭ 16; superficial inferior epigastric artery flap, n ϭ 5) underwent delayed reconstruction.
Information regarding patient demographics, flap harvesting and ischemia time, flap volume and weight, postoperative complications, and hospital stay was collected from the operation notes and the medical records. The comparison between superficial inferior epigastric artery and deep inferior epigastric artery perforator groups was performed using the unpaired t test (p Ͻ 0.05).
Surgical Technique
The superficial inferior epigastric artery [15] [16] [17] arises from the femoral artery either directly or by means of a common trunk with the superficial circumflex iliac artery 2 to 5 cm below the inguinal ligament. It pierces the cribriform fascia one finger's breadth beneath the inguinal ligament and ascends vertically or slightly laterally in the subcutaneous tissues up to 15 cm. The medial branches of the superficial inferior epigastric artery anastomose with musculocutaneous perforators from the epigastric arcade and the lateral branches anastomose with intercostal arteries. The venous drainage of this region is mainly through the medial epigastric vein and vena comitantes of the superficial inferior epigastric artery. [15] [16] [17] Before the operation, the ipsilateral superficial epigastric vessels and perforators from the deep system were identified using a hand-held pencil Doppler. Once a suitable number of perforators were identified, an abdominal ellipse was drawn using the bilateral anterior superior iliac spines as the transverse limits and the pubic tubercle and the umbilicus as the vertical limits of the flap. Flap zones ipsilateral to the defect site were called zone I and zone II, whereas the contralateral sites were named zone III and zone IV. A two-team approach was used in most cases. The first team raised the flap and the second team prepared the chest skin pocket and recipient vessels.
In all cases, the internal mammary artery and vein were used as recipient vessels. An incision through the sternal origins of the pectoral muscles was performed and 2 ϫ 1 cm of the third rib cartilage was removed to expose the internal mammary vessels. The vessels were prepared for microsurgical anastomosis under the operation microscope.
Under loupe magnification, the first incision was made at the inferior abdominal mark into the subcutaneous tissue to identify the ipsilateral superficial inferior epigastric artery and vein in the subcutaneous tissue. Once they were identified, the dissection proceeded proximally to their origin at the femoral vessels. This helped to identify the vessel diameters and pedicle length. The period elapsed until this stage was recorded for each patient. If the diameter of the superficial vessels was considered to be sufficient, the abdominal flap was then raised above the deep abdominal fascia and rectus abdominis perforators were identified and isolated. At this stage, perfusion of each zone was evaluated by application of microsurgical clamps to the perforators from the deep system ( Fig. 1) . If the perfusion was satisfactory, superficial vessels were preferred as pedicles. However, if the superficial inferior epigastric artery could not be identified or its diameter was inadequate (Ͻ1 mm), the rectus perforators were dissected further and adipocutaneous tissue was harvested as a deep inferior epigastric artery perforator flap. Based on previous experience of the senior author (M.H.C.) in more than 600 microsurgery cases, any pulsatile vessel 1.0 mm or larger is suitable and safe for microsurgical anastomosis.
In six cases with sizable and pulsatile superficial inferior epigastric artery vessels (Ͼ1 mm), laser Doppler measurements were obtained to quantitate the perfusion of each zone from both the deep and superficial systems. A laser Doppler machine (Periflux 5000; Perimed, Stockholm, Sweden) was connected to the center of each zone using probes (Fig. 2) , and readings were taken before (preclamp group) and after clamping superficial (deep inferior epigastric artery perforator group) and deep systems (superficial inferior epigastric artery group) consecutively (Figs. 1 and 3). Each vessel was clamped and data were gath- ered after a stabilization period of 10 minutes. The readings then were obtained for 10 minutes for each vessel, and the average value of perfusion was calculated. Comparisons were performed using the Mann-Whitney nonparametric test.
RESULTS
The mean age of the patients in the superficial inferior epigastric artery and deep inferior epigastric artery perforator groups was 42.0 and 39.9 years, respectively (p ϭ 0.43). The dimensions of the superficial inferior epigastric artery and deep inferior epigastric artery perforator flaps ranged from 300 cm 2 to 444 cm 2 (mean, 368.5 cm 2 ) and 260 cm 2 to 494 cm 2 (mean, 400 cm 2 ), respectively ( Table 1 ). The weight of the used flap over the weight of the total flap for the superficial inferior epigastric artery flap was 473 Ϯ 48.8/553.2 Ϯ 68.33 g (86.7 percent), and this ratio was 510.4 Ϯ 42.1/552.8 Ϯ 71.0 g (92.3 percent) for the deep inferior epigastric artery perforator flap. There was no statistical difference between the two groups with respect to weight of the harvested flap (p ϭ 0.43) ( Table 1) .
The venous anastomosis was performed first, followed by the arterial anastomosis without using a coupler device. All anastomoses were performed in end-to-end fashion. Size discrepancies did not create significant difficulties and were usually overcome by obliquely cutting the vessel end, stripping the adventitia, and mechanically dilating the vessel with the smaller diameter. In both groups, mean operation time was 8 hours. The Table 1) .
The flap survival rate in the deep inferior epigastric artery perforator group was 100 percent. One total flap failure was seen in the superficial inferior epigastric artery, and the survival rate was 93 percent. Reexploration was performed in one patient (3.3 percent) in the deep inferior epigastric artery perforator group and in three patients (21 percent) in the superficial inferior epigastric artery group. In the latter, the patient in case 1 underwent reexploration on postoperative day 13 because of compression of the pedicle by hematoma and resultant venous congestion. Eventually, this flap was necrosed, probably because of prolonged flap congestion and delayed reexploration. The patient in case 2 underwent reexploration on postoperative day 1 because of hematoma (caused by release of a hemoclip) and was successfully salvaged. The last patient (case 3) had arterial insufficiency, and anastomosis was repeated with an interpositional vein graft. This patient developed fat necrosis in zone IV. The diameter discrepancies between the donor and the recipient arteries in cases 1, 2, and 3 were 0.7, 1, and 0.5 mm, respectively, which is close to the mean values.
The mean hospital stay was 8.9 days in both groups. At a mean follow-up of 3 months, one patient from each group developed fat necrosis, the amount of which was 7 percent and 3.3 percent of the used flap in the superficial inferior epigastric artery and deep inferior epigastric artery perforator groups, respectively ( Table 1 ). The amount of fat necrosis was quantified by palpation and mammography.
With the aid of a vernier caliper, the mean diameters of the internal mammary artery and internal mammary vein were documented as 3.16 and 2.65 mm, respectively ( Table 2 ). The diameter of the superficial inferior epigastric artery ranged between 0.8 and 3 mm (mean, 2.0 mm). The measurements were taken at the site considered most appropriate for use in microsurgical anastomosis and before division of the pedicle. The superficial inferior epigastric artery did not anatomically exist in 21 cases (48 percent), and in nine cases (20 percent) its diameter was less than 1 mm. The mean discrepancy between the internal mammary artery and the deep inferior epigastric artery was less than the superficial inferior epigastric artery (0.25 versus 0.65 mm). However, the mean differences between donor and recipient veins for both systems were similar (0.46 mm) ( Table 2 ).
Laser Doppler Assessment
Using the Mann-Whitney nonparametric test, no statistical difference was found in the laser Doppler index of each zone when perfused from the deep or superficial system (p Ͼ 0.05). In the deep inferior epigastric artery perforator group, the laser Doppler index between zone I and zone Volume 117, Number 5 • Breast Reconstruction IV showed a statistically significant difference, which indicated a lower perfusion in zone IV compared with zone I (p ϭ 0.04). However, no difference was noted when the flap was perfused by both systems (preclamp) or only by the superficial inferior epigastric artery system (p Ͼ 0.05). Furthermore, no statistically significant difference was noted in the laser Doppler index between different zones in the superficial inferior epigastric artery group. Compared with the preclamp group, the deep inferior epigastric perforator group and the superficial inferior epigastric artery group showed lower cutaneous perfusion rates in zones I, III, and IV, but this difference was not statistically significant (p Ͼ 0.05).
Patients were asked to express agreement or disagreement by means of a five-point Likert scale to evaluate the aesthetic satisfaction at a mean follow-up of 11.2 months. The mean calculated value from the responses was 4.14 Ϯ 0.17, which indicated adequate patient satisfaction. No donorsite morbidity was encountered (Figs. 4 and 5) .
DISCUSSION
Within the 30 minutes of exploration, we were able to identify the usable superficial inferior epigastric artery in 32 percent of the patients. The first 15 minutes of exploration were carried out to identify the superficial inferior epigastric artery. If the superficial inferior epigastric artery was smaller than 1 mm or was not anatomically available, no further dissection was carried out and a decision was made against using this vessel. If a pulsatile superficial inferior epigastric artery was found with a diameter larger than 1 mm, further dissection was performed within the next 15 min- utes to obtain the appropriate pedicle length and diameter for use as a flap pedicle.
In cases where the vessels were appropriate, we were able to eliminate the need for dissecting the rectus abdominis perforator for a deep inferior epigastric perforator artery flap and the rectus fascia was maintained (Fig. 6) . As a result, although the overall operation time was not extended significantly, the probability of using the superficial inferior epigastric artery flap seemed justifiable and advantageous.
The superficial inferior epigastric artery flap can be designed transversely, vertically, or obliquely on the anterior abdominal wall. However, because flap survival beyond the midline of a few centimeters was reported to be unpredictable, 9, 16 except in selected cases, this flap is usually raised and used as a hemi-lower abdominal flap. 11, 13, 18 If the entire abdominal flap was needed, bilateral dissection of the superficial system was recommended. 12 Whether the superficial system is sufficient for supplying the entire transverse abdominal flap is the main concern of this technique. In our study, the superficial inferior epigastric artery was dissected unilaterally (Fig. 7) and, although zone IV was not routinely discarded and an average of 92.3 percent of transverse abdominal tissue was used, no partial necrosis was detected, and the rate and percentage of fat necrosis was comparable to the deep inferior epigastric artery perforator group (p ϭ 0.58) ( Table 1) .
In this series, none of our patients had undergone a previous abdominal operation, which is a contraindication for application of the superficial inferior epigastric artery flap. Vertical surgical incisions in the midline may injure the anastomotic network, and perfusion beyond the midline may be compromised. Also, any operations transecting the superficial inferior epigastric artery lying right above Scarpa's fascia (superficial fascia layer), such as an inguinal hernia operation, a cesarean Although the vascular anatomy of the superficial inferior epigastric artery was well studied, 19 this study is the first documenting the reliability of cutaneous perfusion in all zones (I through IV) of the abdominal flap by using laser Doppler flowmetry. According to our data, unlike the deep inferior epigastric artery perforator flap, the lack of significant cutaneous perfusion differences among the four zones from the superficial system verified that the mean circulation through its vast anastomotic network in the superficial layer is adequate to provide a more consistent flap circulation than the deep inferior epigastric artery perforator flap.
One confounding factor in the widespread use of this flap is the possibility of patient habitus affecting the ability of the superficial inferior epigastric artery to supply a four-zone adipocutaneous flap. In this study, all patients were Asian, with characteristically thin body habitus and abdominal fat thickness less than that found in Western women. There exists the possibility that increased body mass index may negatively affect the microcirculation and thus choke vessels in the midline. For instance, increased abdominal fat may alter intravascular pressures, leading to readjustment of flow and changes in the size of the areas that can be perfused. Consequently, the unilateral superficial inferior epigastric artery may be inadequate to supply the adipocutaneous tissue beyond the midline. There have been no studies to date investigating the effect of body mass index on delicate free perforator flaps. It is worthwhile to further investigate and clarify this issue.
In our study, we used the internal mammary artery and vein as recipient vessels, and a discrepancy existed to an extent between the internal mammary and superficial system vessels ( Table 2) . To overcome this problem, several methods were described. Recently, Allen suggested using the internal mammary perforator, superficial to the pectoralis major muscle, for a better match in diameter, 13 and Antia and Buch 6 proposed including a cuff of femoral artery and vein in their early reports.
Compared with rectus perforators, the superficial inferior epigastric artery is located more laterally and enters through the superficial part of the flap. [15] [16] [17] Although the artery and medially located vein are close to each other, they do not enter the flap at the same point. Therefore, especially when the entire abdominal flap is harvested, inset may become more difficult because of the limited arc of rotation. We used superficial inferior epigastric vessels ipsilateral to the defect side, and the cephalic border of the flap was usually inset downward, pointing to the inframammary crease, and zone IV of the flap was located on the superolateral area of the reconstructed breast. None of our patients required vein grafting, and a mean pedicle length of 6 cm was sufficient to prevent tension on the anastomosis.
On the basis of the results of our study, it appears feasible to transfer tissue across the midline based on the unilateral superficial inferior epigastric artery in selected patients with vessels of appropriate size. Considering that there is a size discrepancy between the internal mammary vessels and the superficial system and that pedicle location relative to the flap presents difficulty during insetting, it is reasonable to conclude that it is technically more challenging and requires a longer training period. The reexploration rates for the superficial inferior epigastric artery flap in the literature are between 3.7 and 20 percent, and the failure rates are between 7.4 and 12.6 percent. [1] [2] [3] 9, 12 In view of the above difficulties, the most likely complication with the superficial inferior epigastric artery flap is anastomosis failure. Considering the reexploration rates in our series, one might advocate that the superficial inferior epigastric artery flap is not as reliable as the deep inferior epigastric artery perforator flap (21 percent versus 3.3 percent). However, in the superficial inferior epigastric artery group, the reason for reexploration in two cases and failure in one was "hematoma," which is not a flap-specific complication. Only one anastomosis failure was seen in this group and was successfully salvaged. Besides, there was no statistically significant difference between the deep inferior epigastric artery perfora- tor and superficial inferior epigastric artery groups in terms of the rate of anastomosis failure and fat necrosis (p ϭ 0.58).
The exploration of the superficial inferior epigastric artery before dissection of the deep system does not significantly prolong the overall operative time and, when the benefits regarding donorsite morbidity are considered, we believe this flap is worth performing when a suitable superficial inferior epigastric artery is available.
